The mounds exhibit many fractures at HiRISE resolution. Both radial and concentric fractures are observed, in some cases confined to the flat summit area. The fractures are generally shallow, possibly due to erosion or infill by wind-blown dust. An irregular fractured mound has also been observed, on the floor of a crater at the base of a gullied slope. In this case the fracture pattern is also irregular. Of the regions where HiRISE shows these features, this is the simplest to examine the distribution since the topography is relatively smooth, making the mounds appear more prominent and easier to distinguish.
Fractures may be obscure or unresolved by MOC, so instead we evaluated the distribution of approximately circular isolated mounds with steep sides and flat summits, as observed in some examples from HiRISE. Examples of features observed by MOC which meet this criterion are shown in Figure 4 ; these may be a subset of the "Type 1 circular structures" in Utopia which others have previously suggested as pingos [2] . This may select for features which formed under ideal conditions or omit some features of the same origin which are more degraded. However, it provides a simple mechanism for categorizing small mounds while avoiding most erosional remnants and pedestal craters, and matches the features most likely to be observable by MOC. The distribution of mounds which match this description is shown in Figure 5 . There appears to be a marked latitudinal dependence, with most of the observed features falling between 40-45°N and none in the furthest latitudes examined, regardless of longitude.
Origin:
The observations from MOC and HiRISE data place new constraints on the origin of these features. Since the mound surface textures appear similar to surrounding level ground in HiRISE images, it is most likely that these are the same material. The fresh, sharp appearance of the best examples observed by HiRISE is inconsistent with an origin as erosional remnants. There is also no indication of any resistant layer which might preferentially preserve some areas. A preferred explanation is that these mounds formed by uplift of the local level plains. Uplift is consistent with the surface textures and can also explain the circular shapes and presence of fractures.
Several possible sources of localized uplift exist. Ground ice, or salt or mud diapirs could all rise and lift the surface. The latitudinal dependence of mound distribution is most consistent with a role for water or ice in mound formation, controlled by temperature. Source regions for salt or mud diapirs could conceivably be constrained to the observed latitudinal bands, but this need not be true; in particular, salt deposits from evaporites are likely to be controlled largely by elevation rather than latitude. Furthermore, the scale of the uplifts (~100 m in diameter) is smaller than expected for salt diapirism. Kilometer-scale or greater wavelengths are predicted under some reasonable Martian conditions [3] .
Therefore, we prefer the hypothesis that the fractured mounds are pingos. Pingos are ice-cored hills which form by freezing and expansion of pressurized groundwater. This process fits the constraints from HiRISE imagery and could be latitudinally dependent if controlled by shallow subsurface temperatures.
These features are equatorward of the near-surface ground ice inferred from hydrogen detection [4-5], but pingo ice is expected to be buried deeper than the layer sampled by these methods. At obliquities higher than present, ground ice is stable at lower latitudes [6] . These features are too small for useful age constraints from crater dates, and so the time of formation is uncertain; small superposed craters are observed in some cases (e.g. Figs. 1, 3 ) so those are unlikely to be extremely young.
Martian Pingos: Pingos have been suggested at a number of sites on Mars based on Viking and MOC observations [2, 7-13]. At these resolutions, radial cracks are rarely resolved, and so identification was based on mounded shape and sometimes presence of possible collapsed pingo scars. Subsequent analysis of many of these proposed pingo groups has indicated different origins for some of the proposed features in Athabasca Valles and Acidalia [14-16]. Others have not been examined yet by HiRISE.
The features described here overlap in part with pingos proposed in Utopia Planitia [2] . The mound shape used in examining the latitudinal distribution resembles some of the Type 1 circular structures de-scribed in [2] . We chose a restricted definition in order to best match in MOC the morphology observed in HiRISE images; a full understanding of the range of morphology of these features will require more extensive HiRISE coverage.
Comparison With Terrestrial Pingos: Pingos on
Earth range up to a few hundred meters across and a few tens of meters tall [e.g. 17-20]. The steepest slopes on the sides are usually around the angle of repose but can slightly exceed it. The layer of frozen ground above the ice core is generally a third to half of the pingo height, with ice extending below the surrounding level ground [21] . Pingos are often fractured, though not universally; they typically have a summit dilation crack intersected by several other radial cracks. These form if the stresses causing the domical flexure cause brittle failure of the surface. Most cracks are radial, but concentric cracks have been observed [18] . Fractures may be more likely on Mars since the colder temperatures will inhibit release of building tensile stresses.
Pingos are divided into hydraulic and hydrostatic, sometimes referred to as open-and closed-system, based on the source of pressure driving the groundwater flow [17] [18] . In hydraulic pingos, the pressure is provided by hydraulic head; rather than producing spring flow to the surface, the water freezes in the shallow subsurface. Hydrostatic pingos form when pore water is forcibly expelled during the freezing of watersaturated sediment that overlies an impermeable layer. Both mechanisms form similar morphologies. The Martian fractured mounds described here are comparable in scale and general shape to pingos on Earth. The presence of fractures on the mounds also matches that observed in terrestrial pingos. While some slopes appear steep, they are not extreme. Possible degraded forms are observed, although distinguishing pingo scars from degraded impact craters may be difficult [2], particularly if small craters help localize pingo formation. These Martian fractured mounds thus qualitatively match the major distinguishing features of pingos on Earth.
There are several aspects of the Martian fractured mounds which differ from terrestrial pingos. Concentric cracks are rare in pingos on Earth. and the sharp trapezoidal profile observed in some (possibly fresh) examples from Mars (e.g. Fig. 2) is not typical. However, sharp basal edges and constant slopes are observed in some cases on Earth as well (e.g. Ibyuk pingo [21] ). Water flow from the sub-ice lens can occur on Earth, but evidence for this has not been observed near the Martian features.
Different Martian conditions may account for some of these morphological differences. The gravity is lower, the temperature and depth to ice may differ, and the tensile strength of Martian frozen ground may be somewhat higher [23] . The hydrologic setting may differ from common pingo environments on Earth, and liquid water may contain dissolved salts. The degradation style may also be different, and degradation by sublimation due to low atmospheric pressure could have morphologic consequences. The history and state of water and potential for seasonal thaw are quite different.
Conclusions:
Fractured mounds observed by HiRISE at several sites in the Martian midlatitudes are best explained as pingos. While there are differences between these features and pingos on Earth, the Martian environment may be responsible for some of these variations. All mechanisms forming pingos on Earth require liquid water. Unless Martian pingos form differently, this suggests the past presence of liquid water near the Martian surface at these sites. 
